Background {#Sec1}
==========

Health in childhood and adolescence is a matter of contention. This is because it has consequences for the well-being of children and adolescents. Moreover, health problems have been linked to poor educational outcomes and have resulted in disadvantages throughout life \[[@CR1]\].

Considerable international literature documents that poor infant health (commonly proxied by birthweight) is associated with lower educational achievement and attainment \[[@CR2]--[@CR5]\]. The studies mentioned herein made use of twin comparisons to demonstrate that the heavier twin of the pair would be more likely to attain a better adult outcome. Health problems in childhood and adolescence have also been shown to negatively influence educational outcome. Recent studies documented an association between childhood chronic health conditions and disadvantaged educational outcomes \[[@CR6], [@CR7]\]. Hyperactivity and conduct problems \[[@CR8], [@CR9]\], as well as depression \[[@CR10]--[@CR12]\], have also been associated with lower educational achievement. However, with respect to mental health problems, externalising problems such as hyperactivity and conduct problems have especially been found to impair educational outcomes \[[@CR13], [@CR14]\]. Moreover, Haas and Fosse \[[@CR15]\] found that both mental and physical health in adolescence significantly affected educational performance and attainment. The research mentioned herein is in line with the social selection hypothesis which states that long-term negative consequences with respect to adult outcomes later result from poor early childhood health.

In contrast, the social causation hypothesis argues that socio-economic status (SES) affects health through a number of different mechanisms. According to Grossmann \[[@CR16]\], SES can influence health through many pathways. Firstly, children's health is influenced by material health inputs such as medical care, food and the quality of housing. Children with a higher SES might have access to better material health inputs due to better family finances. Secondly, parents with a higher SES might also adopt a healthier lifestyle (e.g., smoke and drink less) which, in turn, affects children's health \[[@CR13]\].

The direction of causality between health and SES is not entirely clear, neither theoretically nor empirically. Poorer health may be the result of a low SES. However, it could also be due to health selection, whereby poor health in childhood and adolescence influences educational attainment and adult SES, as discussed by Currie \[[@CR17]\]. It is also possible that the relationship between SES and health is reciprocal. Social selection and social causation might operate simultaneously throughout the life course \[[@CR18]\].

Previous research has shown that poor infant health (low birthweight) impairs health in childhood \[[@CR19]\] and adolescence \[[@CR20]\], and throughout the life course \[[@CR1]\]. Therefore, we hypothesised that infant health has an impact on enrolment in higher education in early adulthood, both directly and indirectly, through adolescent health.

Moreover, we assumed that parental SES is important in this regard. Children with a lower SES are likely to have a lower health status at birth \[[@CR19], [@CR21]\]. Highly educated mothers have been shown to adopt a healthier lifestyle during pregnancy \[[@CR22]\]. In general, the circumstances of pregnancy and birth are better for mothers with a high SES than for those with a low SES. This might also be an interplay in this regard with genetic factors, which, in turn, affects the child's health at birth \[[@CR23]\]. Furthermore, living in a family with limited resources might affect child development and stress \[[@CR24]\], which once again has consequences for child and adolescent well-being, health and educational outcome \[[@CR25]\]. Therefore, we also hypothesised that the association between health at birth and that at adolescence and educational outcome is mediated by parental SES. Fig. [1](#Fig1){ref-type="fig"} shows the analytic framework of the causal association between health and enrolment in higher education.Fig. 1Conseptual model of the association between health and enrolment in higher education

The purpose of this study was to examine the relationship between infant health, adolescent health and enrolment in higher education in early adulthood. We examined how infant and adolescent health act together with parental SES, health-related behaviour and academic factors to generate differences in the early life course with regard to later enrolment in higher education. The results of the present study highlight the trajectory of infant to adolescent health, and how health measured at different stages in life is associated with educational outcomes in early adulthood.

Norway provides an interesting context for analyses of the association between health and educational outcomes in early adulthood. Low infant mortality rates and the lowest proportion of low-birthweight babies, together with high enrolment by youths in higher education, have been reported in Nordic countries \[[@CR26], [@CR27]\]. Norwegian educational institutions are obliged to assist people with special needs so that most people are able to enrol at university or college. Consequently, the opportunity to obtain higher education for children with health problems in Norway is fairly high. However, when comparing different socio-economic groups, inequalities in young children with respect to mortality are not less pronounced in the Nordic countries than elsewhere in Europe \[[@CR28]\]. This suggests that children with a low SES might be more disadvantaged, both in relation to health and educational opportunities.

Methods {#Sec2}
=======

Participants {#Sec3}
------------

Information from several linked data sources was used in this study, and included the Norwegian National Education Database; and The Historical Event Database, FD-Trygd; administered by Statistics Norway. These data sources offer rich longitudinal population data on income and wealth, welfare benefits and education, as well as demographic information whereby parents and children are linked. The Medical Birth Registry of Norway (MBRN) is also linked to a questionnaire survey on health, The Oslo Health Study 2000--2001 (UNGHUBRO). In 2000--2001, the survey was administered to all grade 10 pupils in Oslo, most of whom were aged 15--16 years. The overall response rate for the survey was 88 %. We included respondents born in Norway (*n* = 5 335). Compared with the national statistics obtained from the MBRN \[[@CR29]\], the UNGHUBRO sample seemed to be fairly representative with respect to both birthweight and gestational length. All parents received written information about the questionnaire, and the students completed a consent form before participation. For youth less than 15 years of age the parents were contacted and asked to provide a separate informed consent form. The Regional Ethics committee, South East C approved the study.

Measures {#Sec4}
--------

### Outcome variable {#Sec5}

Enrolment in higher education was the outcome variable, which was coded "1" if the individual entered higher education, and "0" otherwise. Any enrolment counted provided that the respondent was registered in higher education in October of any year between 2000 and 2011.

### Infant health {#Sec6}

Infant health was measured using birthweight and the breathing effort, heart rate, muscle tone, reflexes and skin color (Apgar) score. Birthweight and the five-minute Apgar score are obtained from the MBRN. Birthweight was entered into the models as a normal logarithm of birthweight. The five-minute Apgar score is an overall assessment of newborn well-being five minutes following delivery. A score of 7--10 is defined as normal \[[@CR30]\]. Gestational length ranged from 23 to 47 weeks.

### Self-rated health in adolescence {#Sec7}

Self-rated health in adolescence was taken from the UNGHUBRO survey. The participants were asked: "What is your present state of health?, and they rated the current status of their own health on a four-point scale ranging from "very good" to "poor". The self-rated health of the adolescents captured both the physical and psychological dimensions of well-being \[[@CR31]\]. The survey also contained a battery of questions relating to psychological distress in adolescence which covered:Fear (suddenly feeling panicky for no reason).Suddenly feeling frightened or anxious.Feeling faint or dizzy.Feeling tense or harassed.Being self-critical (easily finding fault with oneself).Sleeplessness.Feeling depressed or dejected.Feeling useless and of little worth.Feeling that everything is a burden.Feeling hopeless about the future.

Psychological distress was measured by combining these 10 items into the Symptom Checklist (SC)-10 scale score -- a validated 10-item short version of the original Hopkins Symptom Checklist (SCL-90) \[[@CR32]\]. Low scores indicated low levels of psychological distress and high scores high levels thereof.

### Parental socio-economic status {#Sec8}

Parental SES was measured by separate variables for parental education, income and wealth, and was taken from the register data. Parental education constituted the education level of the parent with the highest education or of the only parent who was present. Parental education was divided into four levels: compulsory school or less, upper secondary school, Bachelor's level and Master's level or higher. The parental income and wealth variables were measured as both parents' gross combined mean income during the years that the persons in the sample were aged 7--16 years. Income included salary, income from self-employment and state support benefits, e.g., unemployment, sickness and maternity. Wealth included taxable assets and financial capital. Parents' income and parents' wealth were originally recorded in the Norwegian currency (the Norwegian Krone). The logarithm of parental income and wealth was used in the analyses. These variables were also centred on their mean. It was determined whether or not participants lived with both parents by asking them the following question: "Who do you live with at present?" This variable was categorised into a "two-parent household", and a "one-parent household" /"other household arrangement".

### Health-related behaviour {#Sec9}

Physical activity was measured by asking: "During school hours, how many times a week do you take part in sport or participate in physical exercise to the extent that you feel out of breath or sweat?" Smoking habits were categorised into "non-smokers", "previous smokers or occasional smokers", and "regular smokers". Alcohol consumption was measured by asking: "Have you every drunk so much alcohol that you became drunk?" Answers were coded into two categories of "no, never or once" and "2--3 times or more".

### Social support {#Sec10}

Relationship to family was measured by asking: "When you think about your family, would you say that you feel attached to your family?" Relationships with friends were determined by the statement: "I feel closely attached to my friends". Answers were coded according to two categories of "completely agree" and "otherwise".

### School-related variables {#Sec11}

Grade points were calculated by combining the grades taken in grade 10 into 11 main school subjects (divided by 10 and centred around their mean). Future educational expectations were determined by the question: "What is the highest education that you have considered undertaking?" Answers were coded into two categories of "upper secondary school and lower" and "higher education". Days absent from school due to illness were estimated by asking if the respondent had experienced pain or illness regularly over the last 12 months. The respondents were then asked if pain or illness had resulted in them having to stay home from school. The variable ranged from 0 to 10 days or more. Persons who reported no pain were coded as "0".

### Control variables {#Sec12}

An immigrant background, gender and the study year were obtained from the register data and considered to be covariates, and used in all five models. Immigrant background was categorised as "native origin", "non-Western second-generation immigrants" and "Western second-generation immigrants".

Analysis {#Sec13}
--------

The analyses of enrolment in higher education were performed using logistic regression, with odds ratio (OR) and 95 % confidence interval (CI). There were some missing values in the dataset (between six and 185 cases out of 5 354). Excluding missing cases or including the missing cases as a separate category could have led to a biased estimate. Therefore, multiple imputations were run using the mi impute chained command in Stata® 13. Five imputed datasets were used. The procedure replaced each missing value with a set of plausible values based on all other variables in the dataset. For further details, see White, Royston, Wood \[[@CR33]\].

Results {#Sec14}
=======

Table [1](#Tab1){ref-type="table"} lists the means and proportions for the whole sample across educational status. Of those who started in higher education, there was a higher proportion of women and a lower proportion of second-generation immigrants, compared to the group who did not commence with higher education. Moreover, Table [1](#Tab1){ref-type="table"} shows that birthweight, the Apgar score and general health in adolescence varied across the two educational groups, with a slightly higher birthweight and higher Apgar score and considerably better self-reported adolescent health in those who started in higher education. However, the psychological distress measure was quite similar across the two educational groups. Significantly higher parental SES was found in those who enrolled in higher education. A large proportion of this group lived with both parents and frequently reported feeling close to their family. Those who enrolled in higher education were less likely to smoke and participated in more physical activity than those who did not enrol in higher education. Alcohol habits and relationships with friends were very similar across the two groups. Respondents in the higher educational group reported higher academic aspirations, being absent from school less and obtaining higher marks in grade 10 (Table [1](#Tab1){ref-type="table"}).Table 1Descriptive statistics^\*^ for students who enrolled in higher education and for those who did not*n* = observationsDid not enrol in higher education (*n* = 1 675)Enrolled in higher education (*n* = 3 680)Girls3954Immigrant backgroundNative background7177Non-Western background2013Western background89Health measuresLog birthweight (mean)8.128.14Apgar score (mean)9.049.11Gestational length (mean)39.639.6Health in adolescencePoor1410Good5655Very good2835Psychological distress (mean)1.471.44Parental educationPrimary school236High school4725Undergraduate2238Graduate630Parental wealth and incomeWealth (log)−0.5628Income (log)−0.5229Two-parent household5772Physical exercise (mean)3.13.3Smoking habitsNever smoked4865Quit or smokes sometimes2725Smokes every day2410Alcohol consumptionNever or once51532--3 times or more4947Social supportFeel close to friends6769Feel close to family6976Expect to obtain a college education2767Grades in grade 10−0.6527Absence from school due to pain (mean)1.81.5*Apgar* breathing effort, heart rate, muscle tone, reflexes and skin color\*: Presented as a percentage unless otherwise stated

Table [2](#Tab2){ref-type="table"} shows the unadjusted single logistic regression analysis. It is demonstrated in Table [2](#Tab2){ref-type="table"} that all of the variables, excluding psychological distress, alcohol consumption and gestational length, were significantly associated with enrolment in higher education. Not surprisingly, good grades in grade 10, academic aspirations and parental SES seemed to be particularly important with respect to enrolment in higher education.Table 2Unadjusted single logistic regressions on enrolment in higher education*n* = observationsModel, OR (95 % Cl)Single regressions, *n* = 5 354Girls1.84 (1.63--2.07)Immigrant backgroundNon-Western second-generation background (reference is a native background)0.58 (0.50--0.68)Western second-generation background1.05 (0.84--1.30)Health measuresBirthweight (log)1.45 (1.05--1.99)Apgar score1.15 (1.05--1.26)Gestational length1.00 (0.98--1.02)Health in adolescence (reference is poor health)Good1.45 (1.21--1.74)Very good1.80 (1.49--2.19)Psychological distress (SCL-10)0.90 (0.79--1.09)Parental education (reference is primary school)High school2.11 (1.75--2.56)Undergraduate6.7 (5.48--8.19)Graduate18.96 (14.62--24.52)Parental wealth and incomeWealth (log)1.50 (1.30--1.70)Income (log)1.42 (1.28--1.58)Two-parent household1.97 (1.75--2.23)Physical exercise1.11 (1.06--1.16)Smoking (reference is to never smoke)Quit or smokes sometimes0.68 (0.59--0.78)Smokes every day0.30 (0.26--0.36)Alcohol consumption (reference is never or once)2--3 times or more0.92 (0.82--1.03)Social supportFeel close to friends1.13 (1.00--1.28)Feel close to family1.43 (1.26--1.63)Expect to obtain a college education5.48 (4.81--6.23)Grades in grade 106.18 (5.50--6.95)Absence from school due to pain0.86 (0.83--0.90)*Apgar* breathing effort, heart rate, muscle tone, reflexes and skin color; *CI* confidence level; *OR* odds ratio; *SCL-10* Symptom Checklist-10 \[taken from Hopkins Symptom Checklist (SCL-90)

To assess the relationship of infant and adolescent health and enrolment in higher education, multivariate logistic regression was applied in five different models (Table [3](#Tab3){ref-type="table"}). Only significant variables from Table [2](#Tab2){ref-type="table"} were included in the multivariate analysis shown in Table [3](#Tab3){ref-type="table"}.Table 3Adjusted logistic regression with regard to the impact of infant health and adolescent health on enrolment in higher education*n* = observationsModel, OR (95 % Cl)Model 1Model 2Model 3Model 4Model 5*n* = 5 354*n* = 5354*n* = 5 354*n* = 5 354*n* = 5 354GenderGirls1.85 (1.64--2.08)2.00 (1.77--2.26)2.22 (1.94--2.54)2.52 (2.18--2.91)2.03 (1.72--2.39)BoysReferenceImmigrant backgroundNon-Western0.60 (0.51--0.70)0.60 (0.51--0.70)1.36 (1.09--1.68)1.31 (1.05--1.63)1.36 (1.08--1.73)Western1.05 (0.85--1.30)1.057 (0.86--1.33)0.88 (0.60--1.13)0.89 (0.69--1.16)0.83 (0.63--1.10)NativeReferenceHealth measuresBirthweight (log)**1.43 (1.02**--**2.00)1.46 (1.04**--**2.05)**0.95 (0.65--1.40)0.95 (0.64--1.40)0.87 (0.56--1.35)Apgar score**1.12 (1.02**--**1.22)1.11 (1.02**--**1.22)**1.06 (0.95--1.17)1.08 (0.97--1.15)1.03 (0.91--1.18)Health in adolescenceGood**1.56 (1.30**--**1.88)1.45 (1.18**--**1.79)**1.18 (0.95--1.46)0.89 (0.70--1.14)Very good**2.17 (1.77**--**2.65)1.87 (1.49**--**2.34)**1.24 (0.97--1.58)0.84 (0.63--1.10)PoorReferenceParental educationHigh school1.67 (1.34--2.09)1.66 (1.25--1.34)1.46 (1.13--1.87)Undergraduate4.68 (3.68--5.39)4.66 (3.65--5.96)3.11 (2.37-4.07)Graduate11.20 (8.28--15.16)11.22 (8.25--15.25)5.78 (4.16--8.07)Primary schoolReferenceParental wealth and incomeWealth (log)1.34 (1.24--1.44)1.34 (1.25--1.44)1.27 (1.17--1.37)Income (log)1.12 (1.06--1.17)1.24 (1.06--1.18)1.10 (1.04--1.16)Two-parent householdYes1.58 (1.37--1.82)1.39 (1.20--1.61)1.30 (1.10--1.53)NoReferencePhysical exercise1.09 (1.04--1.16)1.04 (0.98--1.10)SmokingQuit or smokes sometimes0.64 (0.54--0.75)0.76 (0.63--0.91)Smokes every day0.34 (0.28--0.42)0.57 (0.45--0.73)Never smokeReferenceFeel close to friendsYes0.89 (0.76--1.03)0.80 (0.68--0.75)NoReferenceFeel close to familyYes1.12 (1.08--1.48)1.24 (1.04--1.48)NoReferenceExpect to obtain a college educationYes2.64 (2.24--3.10)NoReferenceGrades in grade 103.45 (3.02--3.93)Absence from school due to pain0.89 (0.84--0.95)*Apgar* breathing effort, heart rate, muscle tone, reflexes and skin color; *CI* confidence level; *OR* odds ratioBold values indicate when exposure shows significance

The odds of enrolment in higher education were higher for women (OR 1.85, 95 % CI: 1.64--2.08) than for men, and lower for youth from a non-Western immigrant background (OR 0.60, 95 % CI: 0.51--0.70) than for youth of native origin. The odds of enrolment in higher education increased with increasing birthweight (OR 1.43, 95 % CI: 1.02--2.00) and increasing Apgar score (OR 1.12, 95 % CI: 1.02--1.22) (model 1).

Very good general health in adolescence was associated with higher odds of enrolling in higher education (OR 2.17, 95 % CI: 1.77--2.65). After adjusting for health in adolescence (model 2), infant health remained significant and barely changed. There was no significant interaction effect between health (infant and adolescent) and parental SES (results not shown).

Students whose parents had attained a high educational level had higher odds of starting in higher education (OR 11.20, 95 % CI: 8.28--15.16) compared to those with parents who had obtained a primary education or less. High parental income (OR 1.12, 95 % CI: 1.06--1.17) and wealth (OR 1.34, 95 % CI: 1.24--1.34) were associated with increased odds of starting in higher education. Students who lived in a two-parent household had higher odds of starting in higher education (OR 1.58, 95 % CI: 1.37--1.82) than those whose parents lived apart. The impact of infant health on enrolment in higher education was reduced when adjusted for SES and became nonsignificant (model 3). Moreover, the association between adolescent health and enrolment in higher education became weaker after parental SES was included. However, adolescent health was still important with respect to enrolment in higher education when youth was compared with comparable parental SES.

Model 4 included health-related behaviour variables, such as smoking and physical activity, as well as feeling close to family and friends (social support). Physical activity also seemed to be positively associated with the odds of starting in higher education (OR 1.09, 95 % CI: 1.04--1.16). Daily smoking or smoking sometimes was associated with much lower odds of starting in higher education (OR 0.34, 95 % CI: 0.28--0.42) compared to the odds for those who didn't smoke. The odds of starting in higher education were higher for youth who felt close to their family (OR 1.12, 95 % CI: 1.08--1.48). However, feeling close to friends did not have any significant association with the odds of starting in higher education. Self-perceived health was insignificant after the inclusion of health-related and social support variables.

Youth who planned on obtaining higher education at primary school had higher odds of starting in higher education in early adulthood than those who did not (OR 2.64, 95 % CI: 2.24--3.10). Obtaining good grades was associated with higher odds of starting in higher education (OR 3.45, 95 % CI: 3.02--3.93). Days absent from school decreased the odds of starting in higher education (OR 0.89, 95 % CI: 0.84--0.95) (model 5). In model 5 feeling close to friends was associated with lower odds of starting in higher education (OR 0.80, 95 % CI: 0.67--0.94).

Discussion {#Sec15}
==========

Infant health measures, such as birthweight and Apgar score, had a positive association with enrolment in higher education in the unadjusted results. These findings are consistent with prior literature in which it has been demonstrated that persons with good infant health \[[@CR2], [@CR3]\] have better adult outcomes, including educational outcomes. However, after adjusting for parental SES, the relationship between infant health and enrolment in higher education became nonsignificant. The relationship seems to be caused by the fact that parental SES influences both infant health and educational enrolment. This finding is in line with previous research in which it was shown that parental SES influenced infant health \[[@CR19], [@CR21]\] and that parental SES predicted educational attainment \[[@CR34]\]. The results in the present article do not support the notion that poor infant health, measured by birthweight and Apgar score, have a direct impact on enrolment in higher education, and thus contradicts previous research \[[@CR2], [@CR3]\]. The reasons for this could be owing to good opportunities for children with underprivileged health to participate in higher education in Norway, or the UNGHUBRO sample might have been positively selected. For example, the sample might not have included youth with the most serious health conditions who probably do not enrol in higher education. Moreover the differences could also reflect methodological differences. However, the results in the present study show that low-birthweight infants are less likely to enrol in higher education as adults, and that the negative association with low birthweight owing to low parental SES could have an adverse impact on enrolment in higher education.

Moreover, self-reported health by adolescents remains a significant and strong predictor of enrolment in higher education, even after adjusting for parental SES. Overall, students who had reported very good self-perceived general health during adolescence were more likely to enrol in higher education. These findings are in line with prior literature in which it has been demonstrated that there are better educational outcomes for people with good adolescent health \[[@CR15]\]. However, the association between adolescent health and enrolment in higher education was reduced and became nonsignificant when the health behaviour of the adolescents and their relationship with their families were adjusted for.

The results imply that the association between adolescent health and educational outcome is mediated by health-related behaviour and the child's relationship with his or her family in adolescence. It could be interpreted that health-related behaviour and support from family influences adolescent health, which, in turn, impacts on enrolment in higher education. Previous research has documented that health-related behaviour, such as physical activity \[[@CR35]\] and smoking \[[@CR36]\], affect adolescent health. Moreover, it has been documented in the literature that parental investment is crucial with respect to children's educational attainment \[[@CR37]\]. In the final model, feeling close to friends is associated with lower odds of enrol in higher education. This might reflects negative effects of over-investment in peers who do not support aspirations for higher education. Dyer \[[@CR38]\] shows that relationships with friends that were focused on learning are positively related with academic outcomes, while relationships with deviant friends impair academic outcomes. Moreover, the present study indicated that living in a two-parent household was important with regard to the odds a child starting in higher education being increased. The present study did not find any evidence that parental SES mitigated the impact of poor health on educational outcome (the interaction effects between health and parental SES were insignificant), which is comparable with previous research \[[@CR39]\]. Finally, the present study showed that future educational expectations and obtaining good grades in grade 10 were strong predictors of enrolment in higher education. Specifically, this association held for grades that were quite strong. Numerous studies have documented that good grades predict future educational success \[[@CR14], [@CR40]\]. The results in this study demonstrate that parental SES are the main driver for enrolment in higher education, followed by good grades in grade 10, future educational expectations and gender.

A strength of this study was the combination of survey data that provided information on health in adolescence, linked to register data on infant health and longitudinal details with respect to eduational outcomes in early adulthood. Information on both infant (Apgar score and birthweight) and adolescent health is often lacking in studies that focus on the relationship between health and educational attainment. In addition, this study contained rich information on parental SES (income, wealth and education). The survey was administered to grade 10 pupils in Oslo, and represented a large sample. The response rate was also high (88 %). The study sample was representative of youth aged 15--16 years.

A limitation of this study was that the measure of adolescent health was self-reported. The survey contained information on detailed health problems. However, in the present study, these variables did not have any significant association with enrolment in higher education. The study lacked data on diagnoses and objective information on health problems and illness in adolescence. The data used in this paper did not fully address the potential for omitted variables as an experimental identification strategy was not employed. However, this study adjusted for a wide range of family background and school-related variables which generally affect enrolment in higher education.

Conclusion {#Sec16}
==========

There are lower odds of enrolment in higher education for infants of low birthweight. However, this result seems to reflect the fact that parental SES are associated with both infant health and enrolment in higher education. Adolescent health are associated with enrolment in higher education, even after adjusting for parental SES. However, a considerable proportion of this association seems to be attributable to health-related behaviour and the relationship of the adolescent with his or her family.
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